Insurance and risk reduction
Insurance is a widely used risk financing instrument that seeks to promote the sharing and transfer of risks and losses including those from natural disasters such as floods and storms (Bräuninger et al., 2011; Chambwera et al., 2014) . It is purchased by those at risk before an event, offering financial compensation in the case of a loss event. Insurance is either provided publicly, privately, or through a public-private partnership; it can be subsidized or mandated, and guided either by the principle of solidarity or by the market (Schwarze et al., 2011; Paudel et al., 2012) .
Insurance is based on the concept of spreading the losses incurred by the few over a large group. However, a common concern is adverse risk selection, which may obstruct the functioning of insurance markets if insurance is predominantly taken up by those with a high risk (Akerlof, 1970; Rothschild and Stiglitz, 1976) . Beyond this direct financial purpose, insurance can also alter risk behaviour through different incentive mechanisms such as risk based pricing, deductibles, no-claims bonuses or the provision of hazard information leading to risk reduction. In this context risk reduction refers to different types of action that lower the occurrence probabilities of an event or reduce its impacts. The behaviour stimulated can be positive as policyholders protect themselves, leading to risk reduction (advantageous selection). However, policyholders' behaviour can also increase risk through moral hazard (Ehrlich and Becker, 1972) , a well-known concern (e.g. Osberghaus, 2015; Petrolia et al. 2015; Hudson et al., 2016a ).
This concept of risk reduction has recently gained growing attention in the wake of rising losses from natural disasters, amidst concerns about the future viability of insurance (e.g., Bouwer et al., 2007) . In 2013 the European Commission published the Green Paper on the insurance of natural and man-made disasters (EC, 2013) , which reflects on accommodating increasing risk through new and existing insurance schemes. The consultation document frames insurance in two ways: the question of availability and affordability of insurance policies, and the potential to use insurance as a lever for prevention and disaster damage reduction. The EC specifically asked how risk transfer can reduce disaster risk today and into the future (EC, 2013; Surminski, 2014) ). Although no official EC response has been published since the launch of the consultation there appears to be wide agreement that European harmonization of insurance operations is likely to be ineffective economically and politically (Surminski et al., 2015a) . However, the consultation responses also allude to the need for more efforts in linking the risk transfer and risk reduction roles of insurance in order to address the changing risk profiles that could make insurance nonviable in the future.
Socio-economic developments and climate change are understood to be driving the loss potential, raising several questions regarding the role of insurance. Most research in this area has explored the impact of these factors on risk trends and patterns and what implications this may have for the continued provision of natural disaster insurance (e.g. Mills, 2009; Botzen et al., 2010; IPCC, 2014) . A recent example is an investigation of the warming of the oceans and the implications that may result for the (re)insurance industry (The Geneva Association, 2013) or the rapid increase in losses due to an increasing number of people and assets being located in flood prone areas (e.g. Rojas et al., 2013) . Risks and uncertainties arise directly from the physical impacts of climatic changes such as extreme weather events or slow-onset developments, such as sea-level rise, or the greater cluster of socio-economic development in risky areas, but also indirectly from the political responses to these challenges. These disaster risk trends are likely to pose a significant challenge for financial compensation mechanisms; unless more risk reducing measures such as flood defences or stricter building codes (e.g. Kreibich et al., 2005; are implemented.
Our analysis seeks to determine how the risk reduction linkages of insurance can be assessed and enhanced. As a first step, we revisit existing metrics used to determine the viability of disaster insurance schemes and propose additional indicators for risk reduction.
Traditionally efforts to evaluate disaster insurance are focused on affordability, commercial availability and financial solvency. We add to this the feature of 'risk reduction' as an indicator of the impacts that insurance can have on the underlying risk levels. We then consider four methodologies (a mix of quantitative and qualitative) applied in previous studies, that allow an assessment of the risk reduction elements of insurance, and test them for several European hazard case studies: Flood insurance in England; Wild Fire Insurance in Portugal; Flood and Drought risk in the Po river basin, Italy; Flood risk in the unprotected areas of the Port of Rotterdam; Flood and Earthquake risks in Romania; Multihazard risk across the European Union via the European Union Solidarity Fund. While very different in scope and history our examples share one common feature: they can all be considered as multi-sector partnerships, bringing together insurance, policy makers and other stakeholders in order to pursue new approaches to disaster insurance. Through engagement with stakeholders we explore if and how the four methodologies can assist the partnerships in strengthening the risk reduction implication of insurance. Once the hypothetical application of the four methods to the case studies has been completed, we draw lessons across methods and cases.
Towards a new insurance evaluation methodology: a review of the underlying metrics
Three metrics are commonly used to assess feasibility of new insurance and to evaluate effectiveness of existing insurance schemes: commercial viability for schemes with private sector involvement; financial sustainability; and affordability (Surminski, 2014) . Table 1 provides a summary of metrics and definitions commonly applied in the recent literature. Traditionally the focus has been on classical supply and demand questions. On the demand side this includes willingness to pay given the customers' budgetary constraints and their risk profiles. Supply issues deal mainly with the behaviour of (re)insurers for those schemes that involve the private sector. Insurance providers must choose the degree of coverage and prices at which insurance is offered given the risk faced by the policyholder, the costs of providing insurance, how competitive the insurance market is, the company's risk appetite in covering new risks or meeting solvency requirements as well as the general regulatory environment. Additionally, primary insurers must decide on the amount of reinsurance to be purchased as primary insurers may be hesitant to insure certain natural disasters because of the consequences of low-probability/high-impact events unless some of this risk can be transferred to reinsurers. Taken together the interaction of the above decision variables determines if an (re)insurer will provide an insurance policy and at what price.
Interacting with these economic effects are governmental efforts within the insurance market. It is nearly impossible to discuss any insurance market without considering governmental policies. For example, in many markets, the government is the sole reinsurer while in others it determines market rules, subsidises premium or sets prices (Paudel et al., 2012) . Analysing these components depends on data availability, data usage and the underlying assumptions, which can place the same or similar information in a different context leading to different outcomes. For instance, a common method of assessing affordability is to check if the premium does not exceed a set amount of income. Employing different assumptions on this threshold can produce noticeable differences if the threshold is taken as 5% of income (Kousky and Kunreuther, 2013) or residual income (Hudson et al., 2016b) . Similar, analysing the future behaviour of insurers faces data limitations as the risk models that are commonly used by insurers for rate setting (Grossi and Kunreuther, 2005) are sensitive business information that are not freely accessible. Therefore, such studies must be based on assumptions on how (re)insurers believe future risk will develop and how (re)insurers will behave.
While the concepts of 'commercial viability; financial sustainability; and affordability' form the traditional basis of designing and assessing disaster insurance, we notice a lack of consideration of a fourth: the 'risk reduction' element of insurance. There is ample evidence that insurance, or risk transfer in general, can boost resilience to natural hazards more (effectively) than ex-post disaster aid (Ranger et al., 2011) . Moreover, risk pricing may encourage the reduction of exposure and lead to lower damage costs (Kunreuther, 1996; DiDi Falco et al., 2014 ). Yet on the other hand poorly designed insurance products and ill-structured insurance markets can drive economic inefficiency and mal-adaptation to future risks (Michel-Kerjan, 2010; Surminski, 2013) .
From the existing economic methodologies for assessing the impacts of disasters (Kliesen and Mill, 1994; Cavallo and Noy, 2010; Hallegatte and Przyzluski, 2010) we can derive some metrics focused on how to reduce the ex-post impact of disasters, as outlined below in Table 2 . However, the interactions between risk reduction and the other three concepts, particularly the question of trade-offs between them, are still under-researched. Hudson et al. (2016b) conducted an analysis for France and Germany investigating the potential trade-off between offering households risk reduction incentives and the affordability of risk based insurance premiums. Hudson et al. (2016b) concludes that while many households would find risk based insurance premiums unaffordable, strengthening the link between insurance premiums and policyholder risk reduction could have substantial impacts on the aggregate risk profile within a country
The rising risk trends are likely to pose a significant challenge for insurance (Jongman et al., 2014) , unless more risk reducing measures are applied, such as flood defences, stricter building codes and/or land use (zoning) policies. Successful and efficient prevention is expected to play a significant role for affordability and availability of loss compensation mechanisms (Kunreuther, 1996) , but it is far from clear how these two approaches interact, and where the scope for future reform is. Overall there is a very limited understanding of how risk reduction measures reduce the stress on the system as a whole influencing financial sustainability, commercial viability and affordability. A key question that arises is how risk reduction, such as investment in flood protection infrastructure, could reduce the stress on the insurance system. Ranger and Surminski (2013) identify positive and negative scenarios for insurance resulting from differences in policy responses to climate change, regulatory levels, company strategy, risk awareness and willingness-to-pay (Ranger and Surminski, 2013) . One aspect that is widely agreed is the need for increased collaboration between stakeholders, including insurers and governments. To overcome some of the barriers associated with achieving adaptive responses and risk reduction, insurance partnerships with the public sector are advocated to harness skills and expertise in supporting insurance approaches (see for example KPMG, 2015) . While disaster risk management has traditionally involved the activities of multiple actors across different sectors, the last couple of decades have seen a shift towards a greater diversity of actors being involved and the development of stronger and more formal collaborations and partnerships (e.g. Walker et al, 2010) . These multi sector partnerships (MSPs) are increasingly seen as critical as natural hazards have a multi-lateral impact and as such However, despite the growing calls for partnerships in disaster risk management, there has been little research examining how effectively they can help reduce the risk from disasters and there remains a lack of clarity around the roles of public, private and civil society actors, and how they can act together (Crick et al. 2016) ). This is also evident in the context of insurance: amending existing insurance mechanisms or developing new tools requires political will and stakeholder buy-in at different levels and over varying time-scales, as well as collaboration across different sectors (Surminski et al., 2015a) with varying aims and priorities. This presents challenges for enhancing collaboration; and it underlines the importance of developing better methods and metrics to assess the risk reduction implications of insurance.
Investigation of risk reduction implications of insurance -four different methodologies
In this section we explore a selection of four quantitative and qualitative approaches that could further our understanding of the risk reduction potential of disaster insurance. The methods have been built with two questions in mind: how to assess existing insurance offerings and how to design new schemes? In the absence of one single measure to analyse insurance and risk reduction we consider a wider range of criteria and methods for our cases being investigated (Table 3 ). This allows us to decompose the high-level metrics into various sub-metrics, which a single method or criteria may not capture.
Stress testing
Insurance companies have legal requirements to hold capital reserves that limit the company's insolvency probability to a specific degree. The calculation of these capital reserves requires risk models that reliably estimate the risk portfolio held by the insurance company or industry as a whole. Stress testing assesses how suitable or viable capital reserves currently are and how reserves must evolve to maintain solvency. The core method of stress testing is estimation of the total reserves required in a given period to meet the solvency constraint. The methodology developed for stress testing is an aggregated probabilistic flood damage model, as presented in Jongman et al. (2014) . Jongman et al. (2014) integrates the interdependencies in flood occurrence probabilities across river basins.
Occurrence probability interdependencies can lead to large impacts that models assuming independent occurrence probabilities may miss. This feature allows for reliable information on correlated loss probabilities, which is crucial for developing robust insurance schemes and public adaptation funds (Mills, 2005) . Jongman et al. (2014) present an example of how this approach can be used: they provide estimates that by 2050 the European Solidarity Fund's probability of reaching its financial limit will be 80% larger compared to 2013
(following the fund's previous design); that the total insurance capital reserves are to double over the same time; and it highlights the benefits of investing in flood risk reduction infrastructure. Moreover, such a probabilistic approach takes into account supranational effects that are important concerns (Jongman et al. 2014) .
Estimation of effectiveness of household-level flood risk mitigation measures
The role of household-level measures in risk reduction strategies depends on their effectiveness, which can be assessed through statistical analysis of survey data. We present two methods aimed at estimating a similar outcome and as such both can be used to check the consistency of the final estimate. This has the advantage of reducing bias in previously used evaluation methods. Hudson et al. (2014) and Poussin et al. (2015) evaluate the effectiveness of risk reduction measures and explore how these interventions could lower premiums, potentially making insurance more affordable. Both investigations present methods that provide novel but logical extensions of the traditional methods used in some strands of natural hazards literature. Hudson et al. (2014) use propensity score matching, while Poussin et al. (2015) use regression models. These two methodological approaches show the need to control for systematic differences between households. Failing to do so adequately can substantially overestimate the risk reduction measures' effectiveness. The refined effectiveness estimates of several mitigation interventions show that these measures are still very cost effective methods for reducing flood damage. Overall, these methods can evaluate both risk reduction measures and strategies across natural disaster types. Hudson et al. (2014) and Poussin et al. (2015) find that household mitigation measures are a potentially useful element of risk management strategies.
Analysis through a Risk Reduction Framework
While there is broad agreement in the literature about the theoretical potential for insurance to reduce flood risk as long as it is beneficial for both the insured and the insurer, it is less clear how this could happen in practice. We find different categories with regards to the possible practical applications. The most commonly cited aspect is an improved understanding of risks due to the use of catastrophe models and increased data sharing from insurers, which in turn can help to evaluate the cost-effectiveness of potential risk reduction measures in areas of data scarcity or to refine insurance premiums to offer the most accurate incentives for risk reduction (Surminski et al., 2015a) . Crichton (2008)  risk awareness-raising initiatives, such as the provision of risk-relevant information and knowledge transfer to educate policy-holders and the public about preventive measures;
 capacity-building through knowledge transfer and educational elements;
 explicit incentive structures for risk reduction, such as risk-based pricing, where premiums reflect risk such as charging according to local flood risk levels; and  compulsory risk reduction, such as requiring policy holders to take certain preventive measures as a condition for cover.
Building on from the above categorizations the Risk Reduction Framework is an analytical framework that compares and assesses insurance schemes against seven criteria. The criteria were selected because of their relevance for risk reduction:
 Awareness and knowledge sharing;
 Promotion of risk management and preventative measures;
 Promotion of resilient reinstatement;
 Incentives to invest in risk reduction;
 Incentives for public risk management policy;
 Incentives for preventing development in high risk areas;
 Conditions for compulsory risk reduction within insurance policy.
Investigation of design principles of insurance
At the heart of our fourth method are the different stakeholder motivations and 5. Any new model should be practical and deliverable.
6. Any new model should encourage the take up of flood insurance, especially by low income households.
7. Where economically viable, affordable and technically possible, investment in flood risk management activity, including resilience and other measures to reduce flood risk, should be encouraged. This includes, but is not limited to, direct government investment.
8. Any new model should be sustainable in the long run, affordable to the public purse and offer value for money to the taxpayer.
Unsurprisingly, achieving all of these aims is extremely difficult. The proposed scheme, Flood Re, takes principles 1, 3 and 8 at its core and aims to 'ensure the availability and affordability of flood insurance, without placing unsustainable costs on wider policyholders and the taxpayer' (Defra 2013a). However, the 'value for money' aspect of this is highly debatable as the scheme does not meet the minimum government standard for cost-benefits (Defra, 2013a p.30; Defra, 2013b) . The lack of risk reduction is clear in the official proposal other than in the Memorandum of Understanding which sets out the government's commitment to flood risk management and joint efforts to improve flood risk data (Surminski and Eldridge, 2014) .
Findings from the case studies
The insurance case studies used to investigate the suitability of the different methodologies are presented in Table 4 . They have been selected for two main reasons:
First, they cover a range of risk profiles. The hazards range from flooding to droughts and wildfires; each case study is located in a different country placing it within a different sociopolitical context; different objectives and concerns for how future risk profiles should evolve. Secondly, the case studies share at least one thing in common: they all embrace the concept of multi-sectoral partnership in order to lower the underlying risks through better collaboration, thus fulfilling one of the key pre-conditions for more effective disaster risk reduction (Surminski 2014) . After an initial testing and application we presented the four methods (Section 3) to the multi-sectoral stakeholder(s) involved in a set of insurance case studies, with the aim of exploring if and how the method could be applied to specific contexts. Overall the discussions with the stakeholders indicated that data availability and access to stakeholder information were the key determinants of whether a tool could be successfully applied or not.
Case Study: Port of Rotterdam infrastructure (flood)
The Port of Rotterdam case focuses on assessing risk levels and establishing collaboration between different stakeholders to manage or reduce flood risk, with insurance being one possible response measure. The stakeholders have expressed an interest in expanding to a mixture of measures that both prevent floods from occurring and limiting their impacts when they occur. For this the four methods differ in their suitability:
1 ENHANCE is an EU FP-7 project investigating how MSPs can be used to increase societal resilience to natural disasters. More information on the ENHANCE website can be found at: http://enhanceproject.eu/. 2 The case studies are currently ongoing and as such detailed examples and summaries of the final objectives of stakeholders is not available.
 Stress testing: The solvency mentality of the tool combined with a probabilistic model allows for the evaluation of high-impact low-probability events that are a key interest to these stakeholders. While in this case there is no insurance scheme currently in place, the stress testing methodology could be used to investigate the capital requirements of any proposed scheme, such as the Rotterdam based 'co-op' style insurance fund currently being discussed. The required funds can create a financial logic for investing in risk reduction measures. Additionally, the use of such a probabilistic model could provide a suitable way of evaluating the effectiveness of risk reduction measures.
 Estimation of effectiveness of policyholder-level mitigation measures: Rotterdam has not suffered major flood events in the past years due to the high level of protection around the area. Therefore, this tool is not applicable due to data scarcity (as outcome data is missing).
 Analysis through a Risk Reduction Framework: This method is not applicable, as a proper insurance design phase has not started. However, the framework criteria could inform discussion about possible design of any new scheme. Currently the high cost of insurance is considered a key barrier -here the risk reduction framework could be applied to point towards risk reduction measures as a way to make insurance affordable.
 Investigation of the design principles of insurance: As insurance has not been formally explored one would need to organize a structured discussion/workshop between stakeholders to discuss different aims of any insurance scheme. Similar to the Risk Reduction Framework this could prove beneficial for the design, should stakeholders agree to proceed.
Case study: Romania (multi-risk)
According 
Case study: European Union Solidarity Fund (multi-risk)
The European Union Solidarity Fund (EUSF), in its current form, is the main postdisaster instrument of the EU providing financial aid to governments after major (natural)
disasters. Considering the EUSF as an EU-wide disaster pool, the case study investigates how its current structure can be reformed to better promote risk reduction and solidarity, such as supporting regional insurance pools.
 Stress testing: The stress testing methodology can be applied directly to the EUSF in order to investigate the EUSF's insolvency probabilities under various risk reduction investment scenarios. See Jongman et al. (2014) for more information on this application. Moreover, the probabilistic method provides a mechanism for estimating the benefits from investing in structural protection measures.
 Estimation of effectiveness of policyholder-level mitigation measures: This methodological approach is not relevant to this case study. This is because the measures that would be applied to reduce the risk to the EUSF would be, most likely, large scale engineering projects seeking to reduce the occurrence probability of various natural hazards, rather than household-level measures.
 Analysis through a Risk Reduction Framework: This could be applied to the current EUSF roles. Information about the different public bodies and other stakeholders and their roles is available, data on operation and performance too. The framework might also be useful when comparing existing to newly proposed structures.
 Investigation of the design principles of insurance: For the EUSF the main design principles include solidarity, robustness and promotion of risk reduction. There is literature available to trace back any considerations of risk reduction in the design phase of EUSF, including different stakeholder preferences. This could then be applied to the current discussion about reorienting the EUSF.
Case Study: Po River basin (flood and drought)
The case study explores controlled flooding on agricultural (low value use) land in order to avoid larger losses in the urban (high value use) areas; and the reform of drought insurance towards an innovative policy mix in which a mutual insurance scheme facilitates 
Case Study: Flood insurance in England (flood)
This case study assesses risk reduction within the current and future flood insurance systems in England. The change to a new system carries some of the previous elements over, including the agreement between government, to provide risk management, and insurers to underwrite flood insurance. However, the proposed new Flood Re scheme does not contain specific risk reduction features. However, it remains unclear how this will play out in practice. Although the detailed plans are not yet in place of exactly how the scheme will operate over its life of 25 years the current discourse is focused on the operation of the scheme rather than designing the scheme towards reducing risk over time.
Discussion of findings
Disaster losses are highly volatile, and the most common causes of financial problems in these schemes are a lack of risk assessments and insufficient funds, often due to inadequate premium levels. This in turn clashes with the requirement of affordability of insurance cover, which often results in subsidisation to make insurance more economical for those at higher risk (Surminski and Eldridge 2015) . Rising disaster losses are already putting pressure on all those involved in the provision of disaster insurance and in extreme cases could lead to private insurers withdrawing from certain regions or hazards, with systems facing insolvency or requiring a greater public sector involvement (Prudential Regulation Authority, 2015) unless risk levels are reduced.
Linking risk reduction and insurance for disaster losses is deemed possible in theory.
However, a successful linkage can be difficult to achieve in practice due to barriers that may rise from the conflicting priorities of stakeholders or informational limitations, for example.
In this paper we show several methods of how one can assess the risk reduction implications of insurance in cases where insurance already exists or where the creation of insurance instruments is under consideration. The availability of and access to data can be a limiting factor in assessing those linkages, particularly in cases where insurance does not have a long history or where there are strongly normative concepts.
Implications in the context of the insurance case studies
The initial application of the four different methods to the case studies has revealed some interesting findings:the stress testing approach suggests that the annual ceiling of the pre-reform EUSF is 80% more likely to be exceeded in 2050. The increased probability of reaching the funding ceiling shows that without strengthening or promoting risk reduction, insurance and other compensatory tools such as the EUSF are bound to become less financially viable and sustainable. There is scope for using similar probabilistic models and solvency approaches when developing or reforming MSPs to improve risk reduction. While the tool is not connected to risk reduction directly it can provide a probabilistic risk assessment, which can help to overcome informational barriers inhibiting the development of (new) MSPs. The probabilistic models provide tangible values for stakeholders, which helps to reduce ambiguity, one of the known problems of insurance MSPs (Kunreuther, 2015) . The analysis of the EU Solidarity fund (Jongman et al., 2014) shows that socioeconomic development and climate change can substantially increase pressure on risk transfer or financing mechanisms, unless more risk reducing measures are applied, such as flood defences, stricter building codes and/or land use (zoning) policies. Improved risk assessment and data sharing amongst stakeholders are essential for developing those forward-looking solutions in an integrated way. National, local and household level DRR activities could be used as a mechanism for reducing the pressure placed on risk transfer schemes. In other words, risk reduction efforts are essential in maintaining the insurability of these risks, especially in the context of flooding and other extreme weather events.
Effective adaptation may actually become a condition for granting insurance cover in the future (Surminski et al., 2015b) .
The assessment of the effectiveness of household level risk reduction measures show that these offer cost effective household risk reduction. However, the two methods are data intense, which can limit their applicability. Additionally, there may be concerns that the results of these methods are case specific with limited applicability to other areas.
However, the findings could be applied at least to some case study elements: the monetary savings or savings as a percentage of household value can be used to alter state-damage curves used in flood damage models, for example, to model and compare various risk reduction strategies. The methods employed in Hudson et al. (2014) and Poussin et al. (2015) , while focused on flooding, could also be applied to other disasters. The methods appear particularly relevant for project assessment, in order to investigate success. If and how they could be applied further across all case studies remains to be seen, due to the early stages of some of the cases.
The consideration of design principles highlights that there appears to be trade-offs between affordability, availability and risk reduction, particularly when considering the political realities that drive the reform or development of new insurance schemes.
Investigating the designing principles behind an insurance scheme is highly applicable to all the case studies. Such an analysis can point the stakeholders to the important elements to be emphasised or to detecting areas that can be improved upon. For instance the England or
Rotterdam cases indicate that a concern for the affordability and availability of insurance is a possible barrier to risk reduction linkages. On the other hand in the Romanian, EUSF, Po river basin and Portugal cases a discussion of the design principles could help to focus attention on the stakeholders' often contrasting aims and objectives, supporting their efforts in reaching an acceptable compromise. This could be facilitated through a workshop to bring the stakeholders together to share their perceptions, aims and objectives. An example of such a workshop is detailed in Surminski et al. (2015a) . These initial findings are based on particular cases and the transferability of any of these results remains to be seen. Nevertheless they offer some relevant points in response to our underlying questions about linkages between insurance and risk reduction.
Implications of findings beyond the insurance cases
By bringing together qualitative and quantitative approaches with the case-study evidence from across Europe we can make observations that appear relevant beyond these selected examples, as highlighted by the recent discourse on the EU Green Paper on Disaster
Insurance (Surminski et al., 2015a) . This informs our discussion about the applicability of the selected methods:
 Applicability: the applicability depends to some extent on the development stage of insurance in the particular case investigated. (Nicoli et al. 2015) . The Portuguese case study indicates that a reflection on underlying design principles could be very useful in providing critical reflections on the ongoing insurance deliberations.
 Data intensity: The stress testing and estimation of effectiveness of household level flood risk mitigation measures are data intense, and therefore have limited 'off the shelf' applicability. However we note a high relevance for stakeholders wishing to evaluate the success of their suggested or implemented reforms. The other two methods are also sensitive to data intensity, but of a different sort: understanding the underlying aims and objectives of an insurance mechanism will require detailed consultation with the stakeholders involved in the process and will involve an assessments of stakeholders' preferences and their assumptions around the operational aspects of an insurance mechanism.
 Diversity of methods: The modelling results of Jongman et al. (2014) show that socioeconomic development and climate change can substantially increase pressure on the provision of insurance. However, the results of Hudson et al. (2014) and Poussin et al. (2015) show that household level flood risk mitigation activities could be used as a mechanism for reducing this increasing pressure on insurance. Relying on a single metric or method will not produce a complete picture of the current or future situation. 
Conclusion
Until today efforts to reform disaster insurance mechanisms in Europe have been predominantly focused on dealing with the financial losses, without considering the implications for managing and reducing the underlying risks (Surminski et al., 2015a ). The four methods described in the paper help understand the driving forces behind design, development and operation of insurance, and they show that risk reduction can reduce the pressure placed on the current (or potential) insurance mechanisms. However, our case studies also indicate that in order to integrate insurance and risk reduction efforts several barriers will have to be overcome. Stakeholder engagement and multi-sectoral collaboration is understood across our case studies to be basic success criteria, but we note that with this come further challenges: there appear to be key data limitations, most notably around local risk assessments, which would be important for pricing and differentiating premiums. The costs and benefits of risk reduction measures that can be implemented by policyholders are often unclear and there is limited information about the performance of such measures under different conditions. In addition there is only very little investigation into how effective insurance incentives for risk reduction are. A range of barriers exist for insurance companies to proactively stimulate policyholders to limit risks.
. An insurance market that allows premiums to reflect risk may provide a strong incentive for risk reduction, but be unaffordable to consumers. Therefore it is important to avoid the situation where methods for reducing the pressure on the insurance system though risk reduction incentives are seen as a trade-off with affordability and availability.
Considering these aspects as mutually reinforcing appears to offer a more sensible approach.
One could argue that risk reduction efforts are essential in maintaining the insurability of these risks, especially in the context of flooding, and that effective adaptation may actually become a condition for granting insurance future cover (Surminski, 2014 ). An example are household risk reducing measures leading to lower insurance premiums, in turn making insurance more affordable. Progress in this area will depend on a mix of increased evidence and understanding of underlying risk, better collaboration between stakeholders and openness about limitations and costs. The issue spans many dimensions and in some cases conflicting priorities, which makes innovation and reform challenging for political decision makers and private companies. The continued movement towards the development and promotion of MSPs may help to address this issue as the stakeholders engage more strongly with one another at different levels. This is an area where closer collaboration between academia, industry and government is needed to proceed (Surminski et al., 2015a) .
Our findings are relevant for discussions on the potential of insurance schemes to incentivise risk management and climate adaptation in the EU and beyond. There is a clear current momentum at international level to use insurance to incentivise risk prevention and adaptation, as highlighted by the increased efforts to design new insurance schemes in developing countries through the new G7 'InsuResilience' initiative, and underpinned by the UNFCCC's Paris Agreement (see Surminski et al. 2016) . The engagement of multisectoral partners and the clarification of their roles and responsibilities will determine if and how those new schemes can support climate resilience. This is an opportunity, and the lessons from across Europe provide important insights that can help to harness disaster insurance for risk reduction and climate adaptation. (Blumbey et al.,2007; Stone, 2010 )  Price elasticity of insurance (Tooth, 2007) Commercial Viability/
Availability
Demand of an insurance product to the particular market segment the product is designed for and the potential risk-adjusted profit and the matching supply of insurance cover. To investigate the effectiveness of policyholder level risk reduction measures.
Compares and assesses seven key aspects of risk reduction:  Awareness and knowledge; the benefits of flood risk  management and preventative measures;-financial incentives  to invest in mitigation; promotion of resilient reinstatement;  incentives for public flood risk management policy;  conditions for compulsory risk reduction; incentives present;  for preventing development in flood risk areas.
To design an insurance system in a way to meet the needs of stakeholders, without compromising the potential for risk reduction elements and a long term focus. EU wide (EUSF) Germany (Hudson et al., 2014) France (Poussin et al., 2015) Flood insurance schemes in England and low/medium income countries (see Surminski and Oramas-Dorta, 2013; Surminski and Eldridge, 2014) Flood Re
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Key Findings
Annual ceiling is likely to be Exceeded 80% by 2050. While, the private capital reserve of insurers is estimated to double by 2050.
A more refined estimate is made using risk characteristics between individuals who have, or have not, implemented mitigation measures. Hudson et al. (2014) and Poussin et al. (2015) find substantial finds overestimates of mitigation measures' effectiveness using the methodologies of previous studies but demonstrate that that these measures are still very cost effective.
Evidence of risk reduction in flood insurance schemes is lacking. Flood insurance is practically non-existent in least developed countries. In developing countries many schemes are at an early stage and have yet to be tested against large events and also may lack comprehensive risk data -posing challenges to effective delivery and design but risk reduction elements (direct and indirect) are present in 33.3% of the schemes assessed.
Flood Re is designed based on affordability and availability principles for those at highest risk, yet little formal evidence is in place for effective risk reduction over the life of the scheme. i Financial sustainability will also be driven by the investment income of insurers. However, in this paper we focus on the underwriting operations of the industry.
